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In the event the actual fee is greater than the payment submitted or is inadvertently not 
enclosed or if any additional fee during the prosecution of this application is not paid, the Patent 
Office is authorized to charge the underpayment to Deposit Account No. 15-0700. 

CONTINGENT EXTENSION REQUEST 

If this communication is filed after the shortened statutory time period had elapsed and no 
separate Petition is enclosed, the Commissioner of Patents and Trademarks is petitioned, under 
37 C.F.R. § 1.136(a), to extend the time for filing a response to the outstanding Office Action by 
the number of months which will avoid abandonment under 37 C.F.R. § 1.135. The fee under 37 
C.F.R. § 1.17 should be charged to our Deposit Account No. 15-0700. 

AMENDMENTS 

✓ If checked, amendment(s) to the specification and/or claims are submitted herewith. 
1. Claims: 

Please amend claims 3-16, 20 and 21, and add new claim 17 pursuant to 37 C.F.R. 
§ 1 .121(c)(i) as set forth in the "clean" version attached hereto as Appendix A. Entry is 
respectfully requested. A version with markings to show the changes made pursuant to 37 
C.F.R. § 1.121(c)(ii) is attached hereto as Appendix B. 
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REMARKS/ARGUMENT 



This Preliminary Amendment is being submitted to change the multiple dependent claims 
to single dependent claims to eliminate the improper multiple dependent claims and to reduce the 
government filing fee. 
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1 180 Avenue of the Americas ' 
New York, New York 10036-8403 
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APPENDIX A 

"CLEAN" VERSION OF EACH PARAGRAPH/SECTION/CLAIM 
37 C.F.R. § 1.121(b)(ii) AND (c)(i) 

CLAIMS (with indication of amended or new): 

(Amended) 3. The process as claimed in claim 1, characterized in that the converter slag 
is introduced into the slag-conditioning vessel (38) in the liquid state. 

(Amended) 4. The process as claimed in claim 1 , characterized in that the melting of 
solid charge materials in the slag melt, the introduction of energy for heat-consuming chemical 
reactions and the heating of the melts (26, 30) contained in the slag-conditioning vessel (38) to a 
suitable temperature are carried out by the introduction of electrical energy. 

(Amended) 5. The process as claimed in claim 1, characterized in that the slag melt (30) 
contained in the slag-conditioning vessel (38) is oxidized in order to be desulfurized, preferably 
by blowing in oxygen and/or by blowing in an oxygen-containing gas, such as air. 

(Amended) 6. The process as claimed in claim 1, characterized in that the metallurgical 
remainder materials (6) are added to the slag melt (30) in the slag-conditioning vessel (38) in the 
form of lumps and/or fine pieces. 

(Amended) 7. The process as claimed in claim 1, characterized in that finely particulate 
metallurgical remainder materials (6) are blown into the slag melt (30) and/or the iron melt (26) 
below it at a low level, preferably lower than 2 m. 

(Amended) 8. The process as claimed in claim 1, characterized in that finely particulate 
metallurgical remainder materials (6) and reducing agents (23) are blown into the slag- 
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conditioning vessel (38) through a common delivery line and/or lance (47) by means of co-injection. 

(Amended) 9. The process as claimed in claim 1, characterized in that the slag- 
conditioning vessel (38) is heated by means of electrical resistance heating. 

(Amended) 10. The process as claimed in claim 1, characterized in that a layer of slag (30) 
which is over 1 m high, preferably from 2 to 5 m high, is maintained in the slag-conditioning 
vessel (38). 

(Amended) 1 1 . The process as claimed in claim 1, characterized in that the 
desiliconization slag (25) from the pig iron conditioning is introduced into the slag-conditioning 
vessel (38). 

(Amended) 12. The process as claimed in claim 1, characterized in that the metallurgical 
remainder materials (6) from all operations in the metallurgical plant are prepared by screening, 
milling, drying and the like in a common preparation installation. 

(Amended) 13. The process as claimed in claim 1, characterized in that the S0 2 (15) 
which forms in the slag-conditioning vessel (38) is fed to a gypsum or sulfuric acid installation. 

(Amended) 14. The process as claimed in claim 1, characterized in that off-gas which 
forms in the slag-conditioning vessel (38) is collected, and the dust is enriched with ZnO 
contained in this gas. 

(Amended) 15. The process as claimed in claim 1, characterized in that the conditioned 
slag (3) is cast, and the heat of solidification which is obtained during this operation is used in 
the preparation (21), for example in the drying and/or in the preheating of the metallurgical 
remainder materials (6), of the charge materials (22, 23) and process gases. 
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(Amended) 16. The process as claimed in claim 1, characterized in that the conditioned 
slag (30) is processed into blast-furnace sand, blast-furnace foamed slag or slag wood. 

(New) 17. An installation for carrying out the process as claimed in claim 1, characterized in 
that the installation has a slag-conditioning vessel (38) for receiving metallurgical slags, (5, 7), 
and a heating device, a nozzle or a tapping opening (52) for conditioned slag melt (30) and a 
tapping opening (51) for an iron-containing melt (26), the slag-conditioning vessel (38) being 
equipped with charging and blowing apparatus for introducing metallurgical remainder materials 
(6) and additions (22), for blowing in reduction or carbonizing agents (23), and has additional 
bottom purging elements (48), such as porous purging bricks, which are connected to lines which 
supply a purge gas. 

(Amended) 20. The installation as claimed in claim 17, characterized in that an electrical 
resistance heater is provided as the heating apparatus. 

(Amended) 21 . The installation as claimed in claim 17, characterized in that one or more 
lances (47), preferably submerged lances, are provided for the purpose of blowing in gases 
and/or solids, such as metallurgical remainder materials (6), and can be introduced into the slag- 
conditioning vessel (38). 
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APPENDIX B 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 
37 C.F.R. § 1.121(b)(iii) AND (c)(ii) 



CLAIMS: 

Claim 3. The process as claimed in claim 1 [or 2] , characterized in that the converter slag 
is introduced into the slag-conditioning vessel (38) in the liquid state. 

Claim 4. The process as claimed in claim 1 [one or more of claims 1 to 3], characterized in 
that the melting of solid charge materials in the slag melt, the introduction of energy for heat- 
consuming chemical reactions and the heating of the melts (26, 30) contained in the slag- 
conditioning vessel (38) to a suitable temperature are carried out by the introduction of electrical 
energy. 

Claim 5. The process as claimed in claim 1 [one or more of claims 1 to 4], characterized in 
that the slag melt (30) contained in the slag-conditioning vessel (38) is oxidized in order to be 
desulfurized, preferably by blowing in oxygen and/or by blowing in an oxygen-containing gas, 
such as air. 

Claim 6. The process as claimed in claim 1 [one or more of claims 1 to 5], characterized in 
that the metallurgical remainder materials (6) are added to the slag melt (30) in the slag- 
conditioning vessel (38) in the form of lumps and/or fine pieces. 

Claim 7. The process as claimed in claim 1 [one or more of claims 1 to 6], characterized in 
that finely particulate metallurgical remainder materials (6) are blown into the slag melt (30) 
and/or the iron melt (26) below it at a low level, preferably lower than 2 m. 
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Claim 8. The process as claimed in claim 1 [one or more of claims 1 to 7], characterized in 
that finely particulate metallurgical remainder materials (6) and reducing agents (23) are blown 
into the slag-conditioning vessel (38) through a common delivery line and/or lance (47) by 
means of co-injection. 

Claim 9. The process as claimed in claim 1 [one or more of claims 1 to 8], characterized in 
that the slag-conditioning vessel (38) is heated by means of electrical resistance heating. 

Claim 10. The process as claimed in claim 1 [one or more of claims 1 to 9], characterized in 
that a layer of slag (30) which is over 1 m high, preferably from 2 to 5 m high, is maintained in 
the slag-conditioning vessel (38). 

Claim 1 1 . The process as claimed in claim 1 [one or more of claims 1 to 1 0], characterized 
in that the desiliconization slag (25) from the pig iron conditioning is introduced into the slag- 
conditioning vessel (38). 

Claim 12. The process as claimed in claim 1 [one or more of claims 1 to 1 1], characterized 
in that the metallurgical remainder materials (6) from all operations in the metallurgical plant are 
prepared by screening, milling, drying and the like in a common preparation installation. 

Claim 13. The process as claimed in claim 1 [one or more of claims 1 to 12], characterized 
in that the S0 2 (15) which forms in the slag-conditioning vessel (38) is fed to a gypsum or 
sulfuric acid installation. 

Claim 14. The process as claimed in claim 1 [one or more of claims 1 to 13], characterized 
in that off-gas which forms in the slag-conditioning vessel (38) is collected, and the dust is 
enriched with ZnO contained in this gas. 



00542159.1 



8 



Claim 15. The process as claimed in claim 1 [one or more of claims 1 to 14], characterized 
in that the conditioned slag (3) is cast, and the heat of solidification which is obtained during this 
operation is used in the preparation (21), for example in the drying and/or in the preheating of the 
metallurgical remainder materials (6), of the charge materials (22, 23) and process gases. 

Claim 16. The process as claimed in claim 1 [one or more of claims 1 to 15], characterized 
in that the conditioned slag (30) is processed into blast-furnace sand, blast-furnace foamed slag 
or slag wood. 

Claiml7. An installation for carrying out the process as claimed in claim 1 [one or more of 
claims 1 to 16], characterized in that the installation has a slag-conditioning vessel (38) for 
receiving metallurgical slags, (5, 7), and a heating device, a nozzle or a tapping opening (52) for 
conditioned slag melt (30) and a tapping opening (51) for an iron-containing melt (26), the slag- 
conditioning vessel (38) being equipped with charging and blowing apparatus for introducing 
metallurgical remainder materials (6) and additions (22), for blowing in reduction or carbonizing 
agents (23), and has additional bottom purging elements (48), such as porous purging bricks, 
/ which are connected to lines which supply a purge gas. 

Claim 20. The installation as claimed in claim 17 [one of claims 17 to 19], characterized in 
that an electrical resistance heater is provided as the heating apparatus. 

Claim 21 . The installation as claimed in claim 17 [one of claims 17 to 20], characterized in 
that one or more lances (47), preferably submerged lances, are provided for the purpose of 
blowing in gases and/or solids, such as metallurgical remainder materials (6), and can be 
introduced into the slag-conditioning vessel (38). 
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Process for conditio nin g slags, and installation for 
this process 

The invention relates to a process for conditioning 
5 slags and for recycling metallurgical remainder 
materials produced in the iron industry and to an 
installation for carrying out the process. 

It is known to process blast-furnace slags further to 

10 form marketable products, such as for example pieces of 
blast-furnace slag for road building, blast-furnace 

sand, blast-furnace foamed slag, slag wool, etc. By 

converting the slag into a product of higher value, it 

is possible to further improve the profitability of 
15 slag reutilization. 

For this purpose, it is known to adapt the properties 
of the blast-furnace slags to the quality demands of 
slag utilization, but all measures used to improve the 
20 slag products are subordinate to the requirements 
imposed on blast-furnace operation and on operation of 
the steelworks from a metallurgical and operational 
viewpoint . 

25 It is scarcely possible to match the condition of the 
slag to the requirements of the following slag 
reutilization to such an extent that the blast-furnace 
slag can be used in its entirety and without loss of 
quality for the product, since most attention must 

30 always be paid to the quality of the pig iron or of the 
steel. 

A particular problem arises from the slags which are 
still produced in the metallurgical operation, such as 
35 for example the electric furnace slag, converter slag, 
ladle slag, since, when viewed in isolation, these 
slags can only be conditioned for a product with 
difficulty and, moreover, are often only present in the 
solidified state, on account of the relatively small 
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quantities in which they are produced. 

Furthermore, metallurgical remainder materials, such as 
metallurgical dusts, scale, metallurgical slurries, 
5 filter dusts, etc., present the metallurgist with 
problems if they are to be profitably exploited. 
Metallurgical remainder materials are often dumped 
without the materials of value - principally iron - 
which they contain being used profitably. If the 

10 materials of value contained in the remainder materials 
are recovered, this recovery generally takes place in 
the primary melting units, which represents an 
additional load on the unit. Moreover, the use of the 
metallurgical remainder materials in these melting 

15 processes requires complex preparation at various 
locations of the metallurgical plant, and consequently 
there is an enormous cost barrier to economical 
utilization of the metallurgical remainder materials, 
with the result that the metallurgical remainder 

20 materials often fail to be exploited to produce a 
product of higher quality. 

The invention is based on the object of conditioning 
all the slags which are produced in a metallurgical 

25 plant, independently of iron or steel production, for 
further processing, and specifically without having to 
take account of the pig iron and/or steel quality. At 
the same time, it is intended for it to be possible to 
recover the metallurgical remainder materials, in 

30 particular the iron contained therein, without adding 
additional load to the iron or steel production 
processes and without increasing the operating outlay 
and outlay on equipment caused by preparation of the 
metallurgical remainder materials in a metallurgical 

35 plant. In particular, the intention is to avoid 
briqueting, pelletizing or sintering the remainder 
materials . 

According to the invention, the solution to this object 



characterized by the following steps: 

• combining and treating the slag from at least 
one tap of a blast furnace and/or from at least 
one tap of a melter gasifier used in a direct 
reduction process, in the liquid state, and 
other metallurgical slags, such as electric 
furnace slag, converter slag, ladle slag, from a 
steelworks and/or slag from a pig iron 
pretreatment in a slag-conditioning vessel, 

• introducing metallurgical remainder materials, 
preferably all metallurgical remainder 
materials, such as metallurgical dusts, scale, 
metallurgical slurries (with the exception of 
pickling slurries) , into the slag-conditioning 
vessel, 

• blowing reducing agent, preferably together with 
finely particulate metallurgical remainder 
materials by co-injection, into the slag- 
conditioning vessel in order to fully react the 
substances which have been introduced, in 
particular to reduce the iron-containing 
remainder materials, 

• introducing carbon in order to alloy the reduced 
iron from the iron-containing remainder 
materials , 

• agitating the melts ' contained in the slag- 
conditioning vessel by blowing in purge gas via 
bottom purging elements of the slag-conditioning 
vessel, 

• heating the melts contained in the slag- 
conditioning vessel to a desired temperature or 
holding them at a defined temperature, 

• setting a desired composition of the slag melt 
contained in the slag-conditioning vessel by 
adding additives, such as lime, clay, quartz, 
bauxite, fine refractory material, etc., 

• tapping off the conditioned slag melt, and 

• tapping off the iron-containing melt without any 
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The iron content, the manganese content, and also the 
phosphorus content of the metallurgical remainder 
materials introduced into the slag-conditioning vessel 
collect in the pool of metal below the slag melt, which 
is brought into close contact with the slag as a result 
of the bottom purging. The introduction of reducing 
agents, primarily of carbon carriers, reduces the 
metals and causes them to descend into the metal melt, 
and the metal is alloyed as a result of the 
introduction of the carbon. On account of the migration 
of phosphorus into the metal melt and dephosphorization 
of the pig iron, which is then recommended, it is even 
possible for phosphorus-containing slags, such as 
converter slags, which hitherto had to be poured away, 
thus releasing their heat without it being utilized, to 
be exploited. 

Preferably, slag from at least two or more taps of a 
blast furnace and/or taps of a melter gasifier are 
combined and treated in the slag-conditioning vessel. 
The larger the quantity of slag, the more profitably 
the slag conditioning can be carried out, since the 
introduced energy and raw materials can be utilized 
more efficiently. For this purpose, the tiltable or 
preferably fixed slag-conditioning vessel is designed 
to receive a very large quantity of slag, resulting in 
ideal buffering possibilities for receiving slags and 
remainder materials and for releasing conditioned slag. 

The introduction of converter slag into the slag- 
conditioning vessel advantageously takes place in each 
case in the liquid state, since in this case the 
residual heat of the slag can be utilized. The energy 
required to melt solid converter slag is thus saved, 
with the result that the overall energy balance of the 
slag conditioning is improved. Hitherto, the Fe- and 
Mn-containing converter slag has being used partially 
as solidified pieces of slag in a sintering 
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installation, while most is poured away to obtain road 
building material, so that the heat of solidification 
is lost to the environment. 

5 The melting of solid charge materials in the slag melt, 
the introduction of energy for heat-consuming chemical 
reactions and the heating of the melts contained in the 
slag-conditioning vessel to a desired temperature which 
is suitable for the further processing are 

10 advantageously carried out by the introduction of 
electrical energy, which advantageously takes place by 
means of an electrical resistance heater. The 
possibility of electrical heating means that the risk 
of the slag melt freezing on account of an excessively 

15 high melting point or of the slag temperature being to 
low, which would cause it to impede or interrupt the 
conditioning process . 

Moreover, the addition of additives means that, in the 
20 three-material and four-material slag systems (CaO, 
Si0 2 , A1 2 0 3 , MgO) , there is a wide range of options for 
setting various slag specifications with regard to the 
hydraulic properties and vitreous solidification, with 
the result that a defined composition is specifically 
25 available at a defined temperature. Therefore, when 
using the slag for blast-furnace sand and subsequently 
for cement, it is possible, by establishing the correct 
condition of the slag, to considerably reduce the 
proportion of clinker in the cement and, in this way, 
30 to make a positive contribution with regard to cost and 
environmental aspects . 

According to the invention, the slag melt contained in 
the slag-conditioning vessel is oxidized in order to be 
35 desulf urized, preferably by blowing in oxygen and/or an 
oxygen-containing gas, such as air. The S0 2 which is 
formed in the process can advantageously be supplied to 
a gypsum or sulfuric acid installation, resulting, 
during production of gypsum, in a high quality compared 
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to flue gas desulf urization gypsum. 

According to a preferred embodiment , the metallurgical 
remainder materials are added to the slag melt in the 
5 slag-conditioning vessel in the form of lumps and/or 
fine pieces. 

According to a further preferred embodiment, the finely 
particulate metallurgical remainder materials are blown 

10 into the slag melt and/or the iron melt below it at a 
low level, preferably lower than 2 m. The metallurgical 
remainder materials, as well as the other solids and 
gases which are to be supplied, are advantageously 
blown in through one or more lances, preferably 

15 submerged lances, which can be introduced into the 
slag-conditioning vessel. Complete reaction and 
dissolution of the material which is blown in is 
ensured if the lances have a penetration depth of 
over 2 m. 

20 

Advantageously, the finely particulate metallurgical 
remainder materials and reducing agents are blown into 
the slag-conditioning vessel through a common delivery 
line and/or lance by means of co-injection. 

25 

Advantageously, a slag layer with a height of over 1 m, 
preferably from 2 to 5 m, is maintained in the slag- 
conditioning vessel, enabling the gases and solids to 
be introduced deep into the slag layer in order to keep 
30 the off-gas as free from dust as possible and to ensure 
that there is a sufficient quantity of slag melt to 
rapidly dissolve the remainder materials and additions. 

Preferably, the desiliconization slag from the pig iron 
35 pretreatment is also introduced into the slag- 
conditioning vessel for slag conditioning. The high 
Si0 2 content of the desiliconization slag is 
compensated for by the predominantly basic slag 
fraction in the conditioning vessel, where it 
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contributes to an improved viscosity. 

Since their size and state means that not all 
metallurgical remainder materials are suitable for 
introduction into the slag-conditioning vessel, 
depending on requirements it is expedient for the 
remainder materials from all operations in the 
metallurgical plant to be prepared in a common 
preparation installation by screening, milling, drying 
and the like. In metallurgical plants, preparation 
devices for metallurgical remainder materials are 
currently scattered throughout various sectors for 
recycling, unless the materials are being landfilled. 
More economic preparation can be achieved by 
concentrating all the preparation steps at a single 
location in the metallurgical plant. 

According to a preferred embodiment, the off -gas which 
forms in the slag-conditioning vessel is collected, and 
the dust is enriched with ZnO contained in this gas. 
The ZnO contained predominantly in converter dust and 
electric furnace dust is substantially discharged with 
the off -gas. Repeated, targeted recycling of the dust 
which is separated out of the off-gas from the slag- 
conditioning vessel leads to the dust being 
increasingly enriched with ZnO, until the ZnO content 
is high enough for further processing and the dust can 
be removed from the cycle or sold. 

To further process the conditioned slag, this slag is, 
for example, poured onto water-cooled apparatus in 
order to produce blast-furnace sand. The heat of 
solidification which is obtained in the process is 
preferably utilized in the preparation of the 
metallurgical remainder materials, e.g. in the drying 
and/or preheating of the metallurgical remainder 
materials, of the charge materials and process gases. 



The conditioned slag is preferably processed into 
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blast-furnace sand, blast-furnace foamed slag or slag 
wool, installations of this type expediently being 
directly linked to the slag conditioning. 

5 An installation for carrying out the process is 
characterized in that the installation has a slag- 
conditioning vessel for receiving metallurgical slags, 
and a heating device, a nozzle or a tapping opening for 
conditioned slag melt and a tapping opening for an 

10 iron-containing melt, the slag-conditioning vessel 
being equipped with charging and blowing apparatus for 
introducing metallurgical remainder materials and 
additions, for blowing in reduction or carburizing 
agents, and being provided with bottom purging 

15 elements, such as porous purging bricks, which are 
connected to lines which supply a purge gas. 

According to a preferred embodiment, the slag- 
conditioning vessel is of tiltable design, and the iron 
20 melt can be poured out via a siphon, whereas the slag 
melt can be poured out via a ladle lip. 

According to a further preferred embodiment, the slag- 
conditioning vessel is of fixed design, it being 
25 possible for the iron melt and the slag melt to be 
tapped off separately via tapping openings by means of 
a slide/tap system. 

Preferably, an electrical resistance heater is provided 
30 as the heating apparatus. 

Advantageously, one or more lances, preferably 
submerged lances, which can be introduced into the 
slag-conditioning vessel, are provided for blowing in 
35 gases and solids, such as metallurgical remainder 
materials, with the result that these substances can 
easily be introduced very deep into the slag or metal 
melt . 



The invention is explained in more detail below with 
reference to Figs. 1 to 4, in which Fig. 1 shows a 
diagram illustrating an operation of combined 
conditioning of pig iron/slags/remainder materials in a 
metallurgical plant, Fig. 2 diagrammatically depicts 
the process according to the invention in conjunction 
with the processing of pig iron/slags/remainder 
materials from Fig. 1 in detail as a block diagram, and 
Figs. 3 and 4 diagrammatically depict the installation 
according to the invention. 

As shown in Fig. 1, in an operation 1 for conditioning 
pig iron/slags/remainder materials, all the pig iron 4 
which is tapped from a blast furnace 2 and/or from a 
melter gasifier 3 and slag 5 which is tapped off is 
processed together with all the remainder materials 6 
which are produced in a metallurgical plant, such as 
dusts, slurries, scale, refractory material, etc., 
which if appropriate may also originate from a 
different steelworks or from an existing slag landfill, 
and slag 7, such as converter slag, ladle slag, etc.; 
according to the invention, slags 5, 7 and 
metallurgical remainder materials 6 are conditioned 
together in a metallurgical vessel and, in addition, 
pig iron 4 is pretreated separately, in dedicated 
vessels, using processes which are known per se. 

The pig iron 4, together with the iron originating from 
the slags 7 and metallurgical remainder materials 6, 
having been optimally conditioned, i.e. so that it is 
completely free of slag, has been desulfurized to a low 
level, if appropriate has been desiliconized and 
dephosphorized, with a precisely set temperature, with 
a precise weight and a defined C content, can be 
supplied at a desired time, as pretreated pig iron 8, 
to a converter 9 or other steelmaking apparatus, for 
example an electric furnace, from which it is fed, as 
finished steel 10, to a continuous-casting installation 
11 and then to a rolling mill 12. Furthermore, it can 
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also, however, be conditioned for production of special 
pig iron 13, for example for ingots or granules, in 
order to increase the buffering capacity of operation 
between blast furnace and steelworks. 

5 

The primary products 14 which are produced in the 
operation 1 for conditioning pig iron/slags/remainder 
materials from slags 5, 7 and metallurgical remainder 
materials 6 by conditioning, such as blast-furnace 

10 sand, blast-furnace foamed slag and slag wool, as well 
as specially produced sulfur dioxide 15, are fed for 
further processing. For example, the primary products 
14 can be used in the construction industry, for 
example for cement production, and sulfur dioxide 15 

15 can be used to produce gypsum or sulfuric acid. 

The P-rich slag 16 which is produced during the pig- 
iron conditioning in the operation 1 for conditioning 
pig iron/slags/remainder materials during the 
20 dephosphorizing of the pig iron 4 or only of the P- 
containing pool of metal from the conditioning vessel 
can be used to produce fertilizers. The P content of 
the slag 16 can be increased by reintroducing the slag 
16 into the conditioning vessel. 

25 

All the liquid slags 5, 7, in particular blast-furnace 
slags 5, slags 5 from a melter gasifier 3 and slags 7 
from the steelworks, such as converter slags, etc., are 
fed to the slag conditioning 17 illustrated in Fig. 2. 
30 As a result of the slags 5, and in part also the slags 
7, being supplied in the liquid state, the energy which 
they inherently possess is made useable for the slag 
conditioning 17, and the conditioning process is 
accelerated. 

35 

The slag conditioning 17 is provided to deal with even 
large production quantities from a plurality of blast 
furnaces 2, converters 9, etc., the conditioning taking 
place in one or more vessels, advantageously in each 
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case for the slag volume from two or more taps for a 
blast furnace 2 and/or melter gasifier 3. This large 
volume of the treatment vessels represents an ideal 
means of conditioning and a very advantageous buffer in 
5 the flow of material. 

The transport of the slags 5, 7 - as far as possible in 
the liquid state - from the location where they are 
formed to the location of slag conditioning 17 takes 

10 place, for example, by means of road transport in open 
ladles. Blast-furnace slag 5 and pig iron 4 can be 
transported in common vessels. Although the slag 5 is 
separated from pig iron by being poured off, it is 
acceptable for a small amount of pig iron 4 also to run 

15 into the slag-conditioning vessel. Steelworks slag 7 
may contain a residual quantity of steel 10 (Fig. 1) . 
The relatively small amount of steel 10 which is also 
carried in the steelworks slags 7 is incorporated in 
the pool of metal together with the amount of pig iron 

20 4 which is also carried in the slag. 

The pig iron 4 which has been separated from slag 5 is 
itself fed to a pig iron pretreatment , which always 
comprises desulf urization 20 and, if the entire pig 

25 iron is generally dephosphorized, also comprises 
desiliconization 18 and dephosphorization 19. By 
combining slag conditioning 17 and pig iron 
pretreatment 18, 19, 20 in a common operation, 
completely detached from the area of responsibility of 

30 the pig iron production and of the steelworks, it is 
possible to exploit considerable synergy effects, as 
described below: 

Preparation 21, which may encompass both the 
35 metallurgical remainder materials 6 used in the slag 
conditioning process 17, such as dusts, scale, 
slurries, solid slags, etc., as well as additions 22 
which are required for conditioning, such as lime, 
clay, quartz, bauxite, etc., and also reducing agents 
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23, in particular carbon 23, for the reduction and 
carburization of the metal pool which forms beneath the 
slag, takes place in a step which precedes the slag 
conditioning 17. If necessary, during the preparation 
5 21 these substances 6, 22, 23 are subjected to drying 
and/or comminution, for example are milled, screened, 
mixed, etc. 

For all the materials which are to be prepared, as well 
as the materials which have been prepared and those 
which can be used without preparation 21, storage 24, 
for example in silos, is provided in a storage 
facility, which allows targeted, controlled delivery of 
the materials, which are in the form of lumps and 
powder/fine pieces, to the conditioning vessel and to 
the pig iron pretreatment . 

The metallurgical remainder materials 6, additions 22 
and reducing agents 23 are fed from the store 24 to the 
slag conditioning 17. Charge materials 6, 22, for 
example lime, scale, etc., are also fed to the pig iron 
pretreatment steps 18, 19, 20 in order to build up a 
slag, the amount of which is advantageously sufficient 
for a plurality of pig iron treatments 18, 19 and, on 
account of the greater depth of the slag bath, 
facilitates operation with little splashing and smoke 
during the blowing-in operation involved in the 
desiliconization 18 and the dephosphorizat ion 19. 

30 The desiliconization 18 is the first step of the pig 
iron pretreatment 18, 19, 20 and includes the oxidation 
of a large part of the silicon contained in the pig 
iron 4, the desiliconization treatment being a known 
technique comprising the addition of gaseous and solid 

35 oxygen carriers, such as lime and the like. The 
desiliconization slag 25, which is enriched with Si0 2 
over the course of the desiliconization 18 and the 
quantity of which may be increased in order to carry 
out a plurality of desiliconization treatments, can be 
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incorporated in the large overall volume of slag 
involved in the slag conditioning 17 without problems 
and can in this way be utilized. The "pig iron melt" 

26, which is formed during the slag conditioning 17 
5 from the iron-containing metallurgical remainder 

materials 6 and the iron-containing material which is 
introduced with the slag 5, passes in the opposite 
direction into a vessel for the desiliconization 18 and 
then, as pig iron 27 which has been combined with the 

10 pig iron 4 originating from the blast furnace 2 and/or 
the melter gasifier 3, passes through the further pig 
iron pretreatment steps 19, 20. However, it is also 
possible for the pig iron melt 26 from the metal pool 
in the conditioning vessel to be fed directly to the 

15 dephosphorization 19. 

In the pig iron pretreatment steps 18, 19, 20 it is 
possible to work in a similar way to in the slag 
conditioning 17, i.e. with fixed or tiltable 

20 metallurgical vessels which are designed to receive a 
large quantity of pig iron and a large quantity of 
slag, preferably in each case to hold more than one 
converter charge weight and, moreover, are heatable. A 
siphon in the case of the tiltable vessel (Fig. 4) and 

25 a slide closure nozzle in the case of the fixed vessel 
(Fig. 3) allow the pig iron 27 to be tapped off from the 
corresponding treatment vessel into a charging ladle 
completely without slag and therefore allow the 
contents of the ladle to be transferred into the next 

30 treatment vessel without any slag, so that the pig iron 

27, after the desulf uri zation 20, can be supplied to 
the steelworks virtually without any sulfur, with 
little phosphorus, at a precise, even relatively high 
temperature and in a precise quantity and, on account 

35 of the buffering action of the large vessels, at a 
defined time as conditioned pig iron 8. It is also 
possible for a precise weight of slag to be sent with 
the pig iron 8 in a controlled way. For this purpose, 
slag is automatically drawn off from the higher tapping 
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hole or via a pouring lip of the metallurgical vessel. 
Special pig iron 13 for the production 28 of a 
solidified product 29, such as pig iron ingots or 
granules, can also be produced in a controlled way for 
5 the foundry industry. 

The conditioned slag melt 30 is fed to a slag- 
processing installation for the production 31 of 
primary products 14, such as blast-furnace sand, blast- 
furnace foamed slag or slag wool; when producing blast- 
furnace sand by pouring the slag melt 30 onto water- 
cooled apparatus, a large proportion of the heat of the 
slag can be recovered and utilized, inter alia, in the 
preparation 21 for drying and preheating purposes. The 
production 31 is expediently linked to the slag 
conditioning 17. The primary products 14 which are 
obtained form the slag melt 30, such as blast-furnace 
sand, blast-furnace foamed slag and slag wool, are used 
as raw materials in the construction and cement 
industries. Some of the conditioned slag melt 30 can, 
if necessary, be processed to form slag 33 for use in a 
sintering plant by being poured off 32. 

The SO2 15 which is formed during the slag conditioning 
25 17 as a result of desulf urization and the S0 2 15 which 
is produced during the desulf urization 20 of the pig 
iron 27 are advantageously used as raw materials for 
gypsum or sulfuric acid production 34. 

30 The dephosphorization 19 which is carried out using a 
known technique uses a large vessel with large 
quantities of pig iron and slag. The large quantity of 
slag not only has the advantage of the high 
dephosphorization potential but also the advantage that 

35 gas-releasing solid oxygen carriers with little 
splashing and smoke formation can be blown in or added. 
To tap off dephosphorized pig iron 27 and slag 16 with 
a sufficiently high phosphorus content, tiltable ladle 
lips or, in the case of a fixed vessel, slide taps are 
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provided, through which the melts can be emptied into a 
ladle which rests in the ladle lift. The P-rich slag 16 
which is produced during the dephosphorization 19 can, 
in a similar manner to the slag conditioning 17, be 
5 conditioned appropriately in terms of its composition 
and temperature for fertilizer production 35, which 
also avoids the need to landfill this slag 16. Liquid 
converter slags can also be used to build up the slag 
used for dephosphorization 19. The pig iron 
10 dephosphorization 19 allows the P-carrying converter 
slag to be recycled. The thermal and chemical (Fe, Mn) 
potential of the converter slag can be ideally utilized 
for the first time by means of the slag 
treatment/recycling/pig iron pretreatment synergy. 

15 

During the desulf urization 20 of the pig iron 27, a 
process using the Dr. MORE system, which is known for 
example from EP 0 627 012 Bl, is used, in which the 
large volume of the synthetic desulf urization slag 36 

20 is constantly regenerated as soon as the 
desulf urization capacity is too low and remains 
permanently in the vessel, with the result that only 
tiny specific amounts [kg/t of pig iron] of slag- 
forming agents are required for the desulf uri zat ion 20 

25 to ensure that a precisely constant slag analysis is 
accurately maintained, and there is no need to dispose 
of the desulf urization slag 36. Furthermore, it is also 
possible for some of the desulf urization slag 36 to be 
used in a controlled way as slag in a ladle furnace 

30 during steelmaking. In this case, the entire ladle slag 
37, together with residual steel 10, is returned to the 
desulf urization installation, preferably in liquid 
form. 

35 The fixed slag-conditioning vessel 38, which is 
diagrammatical ly illustrated in Fig. 3, is suitable for 
receiving the slags 5, 7 and the metallurgical 
remainder materials 6, and has a base 39, a cover 40 
and a side wall 41, is lined with refractory material 
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42 and is sufficiently insulated against excessive heat 
loss. There are a sufficient number of sensors 43 in 
the base 39 and in the side wall 41, providing 
notification of premature local wear to' the refractory 
5 lining 42. 

The size of the slag-conditioning vessel 38 is selected 
in such a way that a large quantity of slag 5, 7 can be 
accommodated, advantageously two or more taps from a 
10 blast furnace 2 and/or melter gasifier 3. The other 
remainder materials 6 and slags 7 from the 
metallurgical plant (steelworks slags, dusts, scale, 
etc.) can also be easily accommodated in this large 
volume . 

15 

The cover 40 has an opening 44 which can be closed if 
appropriate and through which slags 5, 7 which are in 
liquid form can be poured into the slag-conditioning 
vessel 38. These slags 5, 7 are delivered, for example, 
20 by means of road transport in well insulated ladles 45 
which are lifted above the slag-conditioning vessel 38 
and tilted for charging with the aid of a ladle lift 
which is equipped with a tilting and weighing device 
and a remote control feature. 

25 

The cover 4 0 also has an opening 4 6 for adding lumpy 
material 6, 7, 22, 23, such as for example coarse scale 
or lumpy slag. The material which is used to build up 
the conditioned slag is stored in silos, ready to be 

30 added or blown in, and is introduced pneumatically or 
by means of vibration shoots, conveyor belts, etc. with 
a controlled capacity. The material 6, 22, 23 which is 
to be introduced is added either in the form of fine 
pieces through the opening 46 or by blowing in 

35 powder/fine grains by means of one or more lances 47, 
preferably submerged lances, which project through the 
cover 40 of the slag-conditioning vessel 38, in mono- 
injection or co-injection mode, in which immersion 
depth, blowing capacity and blowing duration can be set 
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accurately . 

In the slag-conditioning vessel 38, the slags 5, 7 form 
a slag melt 30 which has a height of over 1 m, 
5 preferably 2 to 5 m. Such a high slag melt 30 allows 
particularly deep introduction of substances 6, 22 , 23 
and gases via the lance (s) 47, which promotes the 
dissolution and reaction of the introduced substances 
6, 22, 23 with the slag 5, 7 on account of the 

10 increased reaction distance. A pig iron melt 26, which 
is up to 2 m high and is formed as a result of 
reduction of the iron contained in the slags 7 or in 
the metallurgical remainder materials 6 by means of the 
reducing agent 23 which is blown in and by the 

15 introduction of residual steel 10 and pig iron 4 which 
is carried with it, is formed underneath the slag melt 
30. 

The base 39 of the slag-conditioning vessel 38 has 
20 bottom purging elements 48, for example porous purging 
bricks, which, by blowing in purging gas, intimately 
mix the slag melt 30 and the pig iron melt 26 and bring 
them into close contact with one another, leading to 
chemical and thermal balancing. The bottom purging 
25 elements 48 expediently have a setting which is optimum 
for full reaction of the materials which are blown in 
or of the substances 6, 22, 23 which are added to the 
slag melt 30. 

30 Submerged electrodes 49, which form an electrical 
resistance heater, are used to maintain the molten 
state of the melts 26, 30 and to melt and dissolve the 
substances 6, 22, 23 introduced into the slag- 
conditioning vessel 38 and to set the temperature of 

35 the conditioned slag melt 30. It is particularly 
important to dissipate the thermal energy away from the 
submerged electrodes 49 during the resistance heating. 
Temperature-measuring devices 50 in the side wall 41 of 
the slag-conditioning vessel 38 monitor not only the 
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temperature of the slag melt 30 and of the pig iron 
melt 26 but also their height. 

When the pig iron melt 26 is at a certain height, it is 
5 automatically tapped via a tapping hole 51 into a ladle 
45 in the ladle lift and is fed to the pig iron 
pretreatment 18, 19, 20. In the case of a tiltable 
vessel 38', the tapping hole 51 is a siphon 51' 
(Fig. 4). In this way, the tapping, but also charging 

10 of the melts 26, 30 can take place independently of a 
crane. In the case of a fixed vessel, a further tapping 
opening 52 is provided for the slag melt 30 above the 
tapping hole 51 in the side wall 41, while in the case 
of a tiltable vessel 38', the slag melt is emptied out 

15 via a lip 52' on the opposite side from the siphon 51' . 
When the slag-conditioning vessel 38 is being 
completely emptied, for example for repair work, the 
tapping of the slag melt 30 likewise takes place via 
the tapping hole 51. Work on a slide system of the 

20 tapping openings 51, 52 can be carried out from a 
platform of the ladle lift. 

To desulfurize the slag melt 30, oxygen or an oxygen- 
containing gas can be blown into the slag melt 30 via 
25 an oxygen lance 53 which projects through the cover 40 
of the slag-conditioning vessel 38. 

The off-gases which are formed during the slag 
conditioning 17 and during the recycling of the metal- 

30 lurgical remainder materials are extracted via an 
opening 54 in the cover 40 of the slag-conditioning 
vessel 38 and are fed to a dedusting installation or, 
in the case of desulf urization of the slag, to a gypsum 
or sulfuric acid plant. When reusing converter dust in 

35 the slag-conditioning vessel 38, it is possible to 
enrich the ZnO which is contained in the dust and is 
discharged with the off-gas, by repeatedly separating 
the dust separated out of the off-gas and blowing it 
back into the slag-conditioning vessel 38. The off-gas 
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system is designed in such a way that the CO which is 
formed during the reduction is burnt in a suitable way 
and that any CI compounds which are liberated are burnt 
without dioxins being formed. 

5 

A lance 55 which is immersed mechanically into the slag 
melt 30 and pig iron melt 26 is available for sampling 
and as an additional temperature-measuring device. In 
the process, the temperature is measured and a sample 
10 is taken by means of probes fitted to the lance. 

Fig. 4 shows a tiltable slag-conditioning vessel 38' 
which is mounted tiltably on a shaft 56. To pour out 
the slag melt 30, the slag-conditioning vessel 38' has 

15 a lip 52' at an upper edge. Opposite the lip 52' there 
is a siphon 51' which projects upward from the side of 
the base 39' , is designed as a tube and via which the 
iron melt 26 is poured off without any slag. A metal- 
lurgical vessel 38' designed in this way can also be 

20 used in the pig iron pretreatment steps 18, 19, 20. 

The particular feature of the invention is that pig 
iron and slag are delivered from the blast furnace in 
common vessels, the separation taking place by tipping 

25 the slag into the slag-conditioning vessel, and also 
the common utilization of the preparation installation 
for the pig iron and slag treatment and the direct 
"disposal" of the slags which are produced during the 
pig iron treatment from the desiliconization and 

30 partially also from the dephosphorization into the 
slag-conditioning vessel, as well as the possibility of 
directly incorporating the metal from the reduction 
into the flow of pig iron. 

35 The most significant advantages of the invention are 
listed again below: 

• complete recovery of iron and manganese from all 
metallurgical remainder materials such as dusts, 
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slurries, solid slags, scale, refractory chips, etc. 

• Converter and ladle slags are recycled in liquid 
form, with the heat being utilized. The problem 
caused by phosphorus in the recycling of the 

5 converter slag is solved by the invention. 

• Utilization of significant synergistic effects by 
combining the conditioning of the entire quantity of 
pig iron and of all the slags from blast furnace and 
steelworks in a common operation, completely detached 

10 from the area of responsibility of blast furnace and 

steelworks . 

• Ideal conditioning and buffering facilities result 
from large pig iron and slag melting units with an 
electrical heating facility. 

15 • The very great bath heights in the fixed or tiltable 
vessels, as a result of blowing in at a low level, 
allow very environmentally friendly (no dioxins, 
etc.) and comprehensive recycling of all dusts and 
the like. 

20 • The blast furnace or the melter gasifier is not 
subject to any stipulations with regard to pig iron 
and slag analyses. The steelworks may impose very 
specific demands with regard to analysis, 
temperature, quantity and delivery time of the pig 

25 iron. 



Patent claims 



1. A process for conditioning slags (17) and for 
recycling metallurgical remainder materials 
produced in the iron industry, characterized by 
the following steps: 

• combining and treating the slag (5) from at 
least one tap of a blast furnace (2) and/or from 
at least one tap of a melter gasifier (3) used 
in a direct reduction process, in the liquid 
state, and other metallurgical slags (7), such 
as electric furnace slag, converter slag, ladle 
slag, from a steelworks and/or slag from a pig 
iron pretreatment (18, 19) in a slag- 
conditioning vessel (38), 

• introducing metallurgical remainder materials 
(6), preferably all metallurgical remainder 
materials (6), such as metallurgical dusts, 
scale, metallurgical slurries (with the 
exception of pickling slurries) , into the slag- 
conditioning vessel (38) , 

• blowing reducing agent (23), preferably together 
with finely particulate metallurgical remainder 
materials (6) by co-injection, into the slag- 
conditioning vessel (38) in order to fully react 
the substances which have been introduced, in 
particular to reduce the iron-containing 
remainder materials (6), 

• introducing carbon (23) in order to alloy the 
reduced iron from the iron-containing remainder 
materials ( 6) , 

• agitating the melts (26, 30) contained in the 
slag-conditioning vessel (38) by blowing in 
purge gas via bottom purging elements (48) of 
the slag-conditioning vessel (38), 

• heating the melts (26, 30) contained in the 
slag-conditioning vessel (38) to a desired 
temperature or holding them at a defined 
temperature, 
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• setting a desired composition of the slag melt 
(30) contained in the slag-conditioning vessel 
(38) by adding additives (22), such as lime, 
clay, quartz, bauxite, fine refractory material, 
etc . , 

• tapping off the conditioned slag melt (30), and 

• tapping off the iron-containing melt (26) 
without any slag. 

Process as claimed in claim 1, characterized in 
that slag (5) from at least two or more taps of a 
blast furnace (2) and/or taps of a melter gasifier 
(3) are combined and treated in the slag- 
conditioning vessel (38) . 

The process as claimed in claim 1 or 2, 
characterized in that the converter slag is 
introduced into the slag-conditioning vessel (38) 
in the liquid state. 

The process as claimed in one or more of claims 1 
to 3, characterized in that the melting of solid 
charge materials in the slag melt, the 
introduction of energy for heat-consuming chemical 
reactions and the heating of the melts (26, 30) 
contained in the slag-conditioning vessel (38) to 
a suitable temperature are carried out by the 
introduction of electrical energy. 

The process as claimed in one or more of claims 1 
to 4, characterized in that the slag melt (30) 
contained in the slag-conditioning vessel (38) is 
oxidized in order to be desulf urized, preferably 
by blowing in oxygen and/or by blowing in an 
oxygen-containing gas, such as air. 

The process as claimed in one or more of claims 1 
to 5, characterized in that the metallurgical 
remainder materials (6) are added to the slag melt 



(30) in the slag-conditioning vessel (38) in the 
form of lumps and/or fine pieces. 

The process as claimed in one or more of claims 1 
to 6, characterized in that finely particulate 
metallurgical remainder materials (6) are blown 
into the slag melt (30) and/or the iron melt (26) 
below it at a low level, preferably lower than 
2 m. 

The process as claimed in one or more of claims 1 
to 7 , characterized in that finely particulate 
metallurgical remainder materials (6) and reducing 
agents (23) are blown into the slag-conditioning 
vessel (38) through a common delivery line and/or 
lance (47) by means of co-injection. 

The process as claimed in one or more of claims 1 
to 8, characterized in that the slag-conditioning 
vessel (38) is heated by means of electrical 
resistance heating . 

The process as claimed in one or more of claims 1 
to 9, characterized in that a layer of slag (30) 
which is over 1 m high, preferably from 2 to 5 m 
high, is maintained in the slag-conditioning 
vessel ( 38 ) . 

The process as claimed in one or more of claims 1 
to 10, characterized in that the desiliconization 
slag (25) from the pig iron conditioning is 
introduced into the slag-conditioning vessel (38). 

The process as claimed in one or more of claims 1 
to 11, characterized in that the metallurgical 
remainder materials (6) from all operations in the 
metallurgical plant are prepared by screening, 
milling, drying and the like in a common 
preparation installation . 



The process as claimed in one or more of claims 1 
to 12, characterized in that the S0 2 (15) which 
forms in the slag-conditioning vessel (38) is fed 
to a gypsum or sulfuric acid installation. 

The process as claimed in one or more of claims 1 
to 13, characterized in that off-gas which forms 
in the slag-conditioning vessel (38) is collected, 
and the dust is enriched with ZnO contained in 
this gas. 

The process as claimed in one or more of claims 1 
to 14, characterized in that the conditioned slag 

(30) is cast, and heat of solidification which is 
obtained during this operation is used in the 
preparation (21) , for example in the drying, 
and/or in the preheating of the metallurgical 
remainder materials (6), of the charge materials 

(22, 23) and process gases. 

The process as claimed in one or more of claims 1 
to 15, characterized in that the conditioned slag 
(30) is processed into blast-furnace sand, blast- 
furnace foamed slag or slag wool. 

An installation for carrying out the process as 
claimed in one or more of claims 1 to 16, 
characterized in that the installation has a slag- 
conditioning vessel (38) for receiving 
metallurgical slags (5, 7), and a heating device, 
a nozzle or a tapping opening (52) for conditioned 
slag melt (30) and a tapping opening (51) for an 
iron-containing melt (26) , the slag-conditioning 
vessel (38) being equipped with charging and 
blowing apparatus for introducing metallurgical 
remainder materials (6) and additions (22), for 
blowing in reduction or carbonizing agents (23) , 
and being provided with bottom purge elements 



(48), such as porous purging bricks, which are 
connected to lines which supply a purge gas* 

The installation as claimed in claim 17, 

characterized in that the slag-conditioning vessel 
(38') is of tiltable design, and the iron melt 
(26) can be poured out via a siphon (51 1 ), whereas 

the slag melt (30) can be poured out via a ladle 

lip (52 ■ ) . 

The installation as claimed in claim 17, 
characterized in that the slag-conditioning vessel 
(38) is of fixed design, it being possible for the 
iron melt (26) and the slag melt (30) to be tapped 
off separately via tapping openings (51, 52) by 
means of slide/tap systems. 

The installation as claimed in one of claims 17 to 

19, characterized in that an electrical resistance 
heater is provided as the heating apparatus. 

The installation as claimed in one of claims 17 to 

20, characterized in that one or more lances (47), 
preferably submerged lances, are provided for the 
purpose of blowing in gases and/or solids, such as 
metallurgical remainder materials (6), and can be 
introduced into the slag-conditioning vessel (38). 
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Abstract : 

Process for conditioning slags, and installation for 
this process 

To make profitable use of the slags (5, 7) and 
remainder materials (6) which are produced in a 
metallurgical plant, in a process for conditioning slag 
(17) and for recycling metallurgical remainder 
materials produced in the iron industry, the procedure 
is as follows: 

• The slag (5) from at least one tap of a blast furnace 
in the liquid state and other metallurgical slags (7) 
from a steelworks are brought together and treated in 
a slag-conditioning vessel, 

• Metallurgical remainder materials (6), preferably all 
the metallurgical remainder materials (6), and slag 
from a pig iron pretreatment (18) are introduced into 
the slag-conditioning vessel, 

• Reducing agent (23) is blown into the slag- 
conditioning vessel in order to fully react the 
substances which have been introduced, 

• Carbon (23) is introduced in order to alloy the 
reduced iron from the iron-containing remainder 
materials ( 6 ) , 

• The melts (26, 30) contained in the slag-conditioning 
vessel are agitated by blowing in purge gas, 

• The melts (26, 30) contained in the slag-conditioning 
vessel are heated to a desired temperature or are 
held at a defined temperature, 

• A desired composition of the slag melt (30) contained 
in the slag-conditioning vessel is set by adding 
additives (22), 

• The conditioned slag melt (30) is tapped, and 

• The iron-containing melt (26) is tapped without any 
slag . 

(Fig. 2) 
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